This study investigates the world income inequality between 1820 and 2008 decomposing international inequality into between-and within-region factors. Our estimates show increase of inequality between 1820 and the 1960s. Within-region inequality increased a lot in the very long run, mainly led by within-West inequality in nineteenth century and by within-East Asia inequality in the latter half of twentieth century. However, between-region inequality increased more significantly and was the main cause behind the very strong increase in global inequality in these two centuries. This process appears to have come to an end during the second half of twentieth century, a high level of stagnation of world inequality inthe 1970s and the 1980s followed by a decline inthe 1990s and more strongly in the 2000s, mainly due to the rapid growth in countries such as China, India, Indonesia, etc. This decline in world inequality was accompanied by decrease of between-and within-region inequality, although the speed of the former is faster than the latter.
Introduction
Today, many companies are coming to face significant internal income gap. The reason of rising inequality is different by countries: e.g. in Japan that is normally attributed to the fact that formal employees are substituted with contract workers due to companies' massive relocation to overseas countries and accordingly the payment level of contract workers are depressed to the ones of China and neighboring countries. On the other hand, companies which have advanced to overseas countries are considered to have pushed up thelevel of local economy and at the same time have enlarged gaps between the ones who gain or do not gain the benefits of economic development successfully. However, it is still unclear and difficult to be imaged how these stacked phenomena have contributed to increase or decrease of total world inequality as there are many regions and countries in the world and the conditions where they are placed are different one by one. For example, one may expect that inequality between the West and East Asia has decreased due to the strong economic development of the latter in recent decades. Or, at the same time inequality within East Asia may have increased as it is well known that there are differences on the timings of 'take off' and length and strength of flying-geese development (Akamatsu, 1962) by countries. Furthermore, supposing the stories above are true, then what can we consider about the change of total inequality in the world? Of courseit should be the aggregated figure of several fragments which appear between or within regions but difficult to be imaged without any numerical data.
With such interest, this paper's main contribution is a detailed description of the evolution of world income inequality over the last two centuries decomposing inequality to between-and within-region fragments. In Section 2, the paper first reviews previous literature regarding this theme. In Section 3, the paper looks at the data and the methodology used to reconstitute the world distribution of income while taking regional or inter-regional income disparities into account. Section 4 presents the findings on the overall evolution of world income distribution since 1820 and provides a partial explanation of its changes by decomposing into the contribution of two components: inter-regional inequality and regional inequality. The main findings are summarized in the concluding section. economy in the past 200 years. For this reason, the subject has become one of the most discussed topics in the social science and many attempts have been made to estimate changes in world inequality (Anand & Segal, 2008) . Inequality has been defined as inter-country inequality of per capita incomes or as a combination of between-and within-country inequality. A paper that has attempted to do the latter, i.e. Bourguignon and Morrisson (2002) , is for the period before 1950 largely based on the assumption that income inequality within countries is unchanging, as a result of which changes in income inequality within countries are clearly underestimated. On the other hand, Zanden, Baten, Foldvari, and Leeuwen (2014) overcome this shortage incorporating estimated figures of within-country inequality into the total inequality, but for that reason the number of countries was reduced in exchange for consistent way of calculation of income inequality.
Although it is obvious that these research greatly contributed to our understanding of the extent of world income inequality, at the same time the researcher still finds difficulties in following long-term trend of inter country inequality as long as we persist in the contrast of between-and within-country inequality. Besides, the researcher considers that we have not yet made full uses of inter-country data in the research. Based on such understanding, we focus only on inter-country inequality in this paper. A possible justification for this choice is that international inequality tends to change more quickly and more dramatically than national differences andtherefore, the dynamics of the world distribution of income would derive mainly from the component of world inequality that arises from the evolution of differences between countries rather than within countries (Firebaugh, 2003) . This paper focuses on a longer period and takes a more general perspective on world inequality than previous work. Because the analysis begins in 1820, it takes into account the major effects that the Industrial Revolution had on the world distribution of income. Because the analysis looks explicitly at the distribution of income within and between regions, it evaluates world inequality comparatively.
Our aim is to present new estimates of inter-country global inequality, because we think we lack the historical and consistent estimates to really understand these patterns of changing global inequality in detail. We have created new estimates to understand the evolution of global inequality in the nineteenth and twentieth centuries computing its between-and within-region components. Our main contribution is that we greatly enlarge the number of observations on which the estimates are based: Kokubun, Ikemoto and Hamashima (2006) who used the most similar methodology of this paper had 75 countries, whereas we have 129 and 222 countries depending on the length of year forcalculation. These countries represent 77.4 and 100 percent of the world's population (according to the Maddison estimates). We think this dataset is more representative of global trends than previous research of inter-country inequalities.
Methods

Measures
As the main purpose of this paper is to present new estimates of global income inequality attributing it to between-and within-region factors, the calculation method has to be (1) general and (2) decomposable. In this sense, the Gini coefficient fulfills the condition 1 because it has been the most popular method for measuring income inequality among a number of alternative methods. However, it has several weaknesses including incapability of differentiating different kinds of inequalities.Therefore, for the purpose of making up this shortcoming, we complimentarily use Gini coefficient and Theil index whose advantage over the former is that it is fully decomposable between components fulfilling the condition 2.
Data
Data on PPP based GDP (1990 International Geary Khamis dollars) and population are from The Maddison-Project (2013), the first to construct a consistent historical series starting as early as 1820 for some countries and ending in 2008. We do not deal with the discussions about the reliability of the Maddison dataset since this is sufficiently available in the existing literature. For five, two and fifteen countries composing former Yugoslavia, former Czechoslovakia and former USSR, respectively, we used the former units to maintain consistency of the largest number of countries for a long period. Besides, missing values were estimated only by interpolation but not by extrapolation. Accordingly, consistent two data sets were prepared: The one is of 129 countries between 1820 and 2008 and the other is of 222 countries between 1950 and 2008. The former covers 59.2, 91.6 and 77.4 percent of the number of countries, GDP and population in the world (figures are shares of the 129 countries in the 222 countries in 2008). According to these figures, we can easily estimate that the average income of the countries covered by this experiment is slightly higher than that of the world as a whole, but the average income of the uncovered rest is clearly lower than of the covered countries. We therefore more or less consistently underestimate inequality, but the bias does not change so much overtime. To permit a inter and intra regional analyses of the evolution of the distribution of world income, the 222 countries were aggregated into six blocks, defined geographically or historically: the West, Eastern Europe, Latin America, East Asia, West Asia and Africa (See Appendix A).
Our estimates consist of two components, the within-and the between-region inequality. Figure 1 decomposes world inequality calculated by 129 countries into that due to income disparities within and between regions, using Theil index. The within-region component of inequality is obtained by difference and corresponds to average region inequality weighted by total income. The between-region component refers to the inequality that would be observed if incomes were identical within each region. Within-region inequality is divided to above-mentioned six blocks. Among them, Within-East Asia fragment, the largest component of total within inequality today, is also shown in Figure 1 (For more detail, see Appendix B).
Results
The Long Term Development of Global Inequality
Compared to Kokubun, et al. (2006) , our estimates are somewhat higher than theirs by on average 0.017 points on the Gini coefficient and 0.030 points on the Theil index. Their estimates of global inequality increase from Gini of 0.181 in 1820 to 0.393 in 1900, 0.446 in 1930, and 0.565 in 1970 , whereas the Gini estimated here is 0.151 in 1820, and rises to 0.418 in 1900, 0.470 in 1930, and 0.560 in 1970 . By Theil index, theirs are 0.071 in 1820 to 0.285 in 1900, 0.349 in 1930 and 0.522 in 1970, whereas ours are 0.053 in 1820 to 0.314 in 1900, 0.385 in 1930 and 0.549 in 1970 . The possible reasons of such differences are: 1) the number of countries increased (nevertheless the share of China's GDP in the world GDP in 1820 has increased from 31.8 to 35.5 percent); 2) data are amended (e.g. China's per capita GDP in 1820 has changed from 523 to 600 dollars). From 1820 to 1970, our estimates show increase of world inequality 271 percent by Gini and 940 percent by Theil (Our estimates in this paragraph are calculated by the data of 129 countries). 1820  1830  1840  1850  1860  1870  1880  1890  1900  1910  1920  1930  1940  1950  1960  1970  1980  1990 As outlined above, global inequality increased between 1820 and the 1960s. However, most of the increase occurred before 1945, while global inequality remained stable afterwards until it started to decline in the late 1980s or in the 1990s (This pattern, however, is largely driven by between-region inequality, which increased strongly between 1820 and 1945, maintained stable between 1945 and the 1960s and declined afterwards). This is also consistent with the finding of Kokubun et al. (2006) and Bourguignon & Morrisson (2002) (with different methodology) who find a similar increase between 1820 and 1945, maintained stable in the 1970s and the 1980s and followed by decrease afterwards. So, in so far as overall trend of world inequality, there is no significant difference between the estimate of Kokubun et al. (2006) and ours, except for a sharp decrease of inequality in the 2000s in our estimate, which is although supportive to other recent estimates (Milanovic, 2011; Pinkovskiy & Sala-i-Martin, 2009 ).
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4.2More Precise View
The largest contribution of this paper is review of more precise trend of world inequality by decomposition of it into between-and within-region fragments. Indeed, the initial decline already took place between 1929 and 1932 when the Great Depression occurred in large parts of the world (most notably in the West). As the effect of depression was greater in high income Western countries than in other place, decrease of global inequality was mostly driven by decrease of between-region inequality. However, this decline was soon canceled out by increase of between-and within-region inequality between 1932 and 1945, which Vol. 9, No. 8; 2017 western countries while the former is primarily attributed to continued progress of Japan supported by Korean War which began in 1950 and brought a special procurement boom to it. Although inequality within East Asia had continuously increased since the end of war, it had not been as significant as canceling out these effects of equalization yet.
Following the chaotic times after World War II, world inequality started to increase again led by both betweenand within-region inequality in the 1960s because of the Western countries' continuous development and Japan's catching up to these countries leaving most other countries low-income state. This period corresponds to the one so called 'North-South divide', i.e. the problems created by the differences between developed and developing countries, became the most important theme globally. However, global inequality remained virtually stable during the 1970s and the 1980s because slight decrease of between-region inequality and slight increase of within-region inequality (mostly within-East Asia inequality) canceled out each other, both of which were caused mainly by some of East Asian countries' catching up to the West and Japan enlarging divergence of economic stage among the countries in this region. After the 1990s, global inequality finally started to decrease led by decrease of both between-and within-region inequality. We can observe the effect of Asian currency and economic crisis in 1997 which enhanced the between-and within-region inequality temporarily, although its magnitude was not fully significant to interrupt the long-term trend of equalization till 2008 (Figure 2 ).
However, it is still far from the condition that the world has become fully equal on the economic level. Rather, world inequality is still extremely large, as significant as the one in the 1900s. The reason is, of course, that there is a large number of countries stagnated at low economic growth. They are mostly Asian and African countries, especially observed at the latter. Indeed, the inter-region inequality between East Asia and Africa is becoming large. In 1950, per capita GDP 889 dollars of Africa was higher than the one of 667 dollars of East Asia. However, in 2008, per capita GDP of Africa stays 1,780 dollars, which is more than three times lower than the one of East Asia 5,512 dollars and more than four times lower than the average of the world 7,614 dollars. Furthermore, within region inequality in Africa is increasing straight forwardly, with no indication of turning-point appearance even today. That means higher income countries develop faster, while low income countries stagnate with low economic stage in this region. Especially, the gap of two highest income countries in this region, i.e. Equatorial Guinea and Mauritius, and other countries are becoming large due to sharp economic development of the former and stagnation of the latter. Within-Africa inequality account for 7.3 percent of total within-region inequality and 2.3 percent of world inequality in 2008, which are the figures cannot be overlooked.
On the other hand, inequality within West Asia is more fluctuating mainly due to booms and busts of oil producing countries. For example, three highest income countries at that time in this region, Qatar, the United Arab Emirates and Kuwait, experienced huge decrease of per capita GDP by 74.5, 49.6 and 53.9 percent respectively between 1970 and 1980 because a period of rapid growth in the 1970s hit a major inflection point to the downside brought aboutby lower oil prices (Haouas & Heshmati, 2014) . From the late 1980s inequality increased again due to increase of per capita GDP pushed up by oil price recovery and successful diversification of industrial structures of these countries plus the strong economic development through successful industrialization of Israel, leaving other companies low income state.
Latin America showed convergence during 1970s and 1980s due to recession of the two highest income countries, Venezuela and Argentina, and catching-up development of other countries. Per capita GDP of Venezuela and Argentina decreased 24.3 and 17.7 percent between 1977 and 1985, due to the collapse of oil prices for the former and the debt crises for the latter. However, Chile's strong economic development since the late 1980s overturned this trend and inequality started to increase again, followed by a high level of stagnation since the 1990s due to economic recovery of comparatively high income countries in this region, i.e. Venezuela, Argentina and Uruguay. Although other comparatively low income countries have develop steadily too, their speeds have not reached the higher income ones and accordingly have had no significant impact to lower inequality in this region by today. Eastern Europe has showed similar convergence of per capita GDP since 1950. However, since the late 1970s, the process of equalization has stagnated due to the difference of development speed among countries, although they have continued steady development till today. The figures of within-region inequality of Latin America and East Europe account for 1.4 and 0.3 percent of total inequality in the world today, respectively (Figure 3 & 4).
As outlined above, global inequality increased strongly between 1820 and the 1960s, while remained virtually stable afterwards until it started to decrease in the 1990s. This pattern, however, is largely driven by between-region inequality. On the other hand, until the early twentieth century, within-region inequality was mostly driven by within-Western inequality. Increase of within-Western inequality started early ninetieth century due to the growing divergence of economic levels in this area after the Industrial Revolution which took place ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 8; 2017 first in UK. However, its share decreased gradually from the late ninetieth century as within-East Asia inequality was becoming larger driven by the economic development of Japan after the Meiji Restoration and subsequent industrial development policies since the 1860s. The magnitude of within-East Asian inequality started to increase sharply in the 1910s because Japan experienced a great advancement in industrial power and enjoyed the economic growth due to World War I between 1914 and 1918. In the 1930s this inequality increased more sharply as Japan strongly recovered from the depression by increase of exports (half of them were to colonized and half colonized countries) which induced stimulation of private investment by ripple effect (Hatase, 2002; Yamazawa & Yamamoto, 1979) . During the Pacific War between 1941 and 1945, as the rate of economic growth in Japan fell into the negative due to the worsened war situation, within-East Asia inequality decreased gradually till 1944 and sharply in 1945 by losing the war and consequent destruction of the economy in Japan where GDP per capita decreased by 2.5 percent per year between 1941 and 1944 and by 49.4 percent between 1944 and 1945. After 1945, within-East Asia inequality increased again mainly due to Japan's postwar restoration. Especially, in the 1960s, Japan's high economic growth brought the sharp increase of within-East Asia inequality. However, in the 1970s, as other Asian countries such as the four dragons (i.e., South Korea, Hong Kong, Taiwan and Singapore) followed by ASEAN countries (Thailand, Malaysia, Indonesia and Philippines) took off and started flying geese pattern industrial development (Akamatsu, 1962) , the widening speed of inequality within-East Asia became down, although still continued to increase till the 1980s. After the 1990s, as China and India started economic development strongly catching up with more advanced countries, within-East Asia inequality started to decrease. Meanwhile, within-West inequality dramatically decreased after the World War II, by strong economic convergence between countries in this region (World Bank, 2009 ) which continued until the 1970s.
To sum, global inequality has been growing during the last two centuries, mainly because the technological progress advanced by the Industrial Revolution pushed up between-region inequality, but started to decline in the last two decades because globalization in trade and technological transfers through foreign direct investments in emerging countries pushed down between-and within-region inequality. Transfers of technology, know-how and business models from advanced to emerging economies have took place at an increasing pace and allowed for a rapid assimilation of poor regions into the world markets. This implies that the speed at which poor countries will be able to catch up with more advanced economies is increasing over time. Despite this, we still have a wide gap in per-capita incomes across countries, which is not likely to disappear very soon. The speed of technology transfers is not a sufficient condition for convergence. Lacks of human capital and bad institutions are probably the most important factors behind the poorer countries' difficulties in catching up with the western hemisphere (Reichlin, 2013). 160 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 
Conclusion
We reconstructed new estimates of the inequality of income distribution for a larger set of countries than ijef.ccsenet.org
International Journal of Economics and Finance Vol. 9, No. 8; 2017 previous work for benchmark year starting in 1820 and ending in 2008 using the data set, PPP based GDP and population of Maddison. We presented estimates in both Gini and Theil coefficients, together with decomposed fragments, between-region and within-region inequality. The long-term evolution of global inequality that emerges from this is not very dissimilar from the results presented by Kokubun, et al. (2006) . Our estimates show a more or less similar increase during the 1820-1960s. Within-region inequality increased a lot in the very long run, mainly led by within-West inequality in nineteenth century and by within-East Asia inequality in the latter half of twentieth century. However, between-region inequality increased more significantly and was the main cause behind the very strong increase of global inequality in these two centuries. This process appears to have come to an end during the second half of twentieth century, a high level of stagnation of world inequality during the 1970s and the 1980s followed by a decline in the 1990s and more strongly in the 2000s, mainly due to the rapid growth in countries such as China, India, Indonesia, etc. Accordingly, this decline of world inequality was accompanied by decrease of between-and within-region inequality, although the speed of the former is faster than the latter.
To summarize by more concrete figures, this analysis shows that the world income inequality worsened dramatically over the past two centuries: The Gini coefficient increased 271 percent and the Theil index 940 percent between 1820 and 1970 by the data of 129 countries. This evolution was due mainly to a dramatic increase in inequality across countries or regions of the world. The 'between' component of the Theil index went from 0.044 in 1820 to 0.417 in 1970. Changes in inequality within regions were important in some periods, most notably the increase in inequality within East Asia during the latter half of the 20th century from 0.019 in 1950 to 0.141 in 1990 by the data of 222 countries. In the long run, however, the increase in inequality across regions was the leading factor in the evolution of the world distribution of income as it dominated more than 70 percent of the total inequality throughout most of the period. After the sharp and steady decrease of inequality, 10.4 percent by Gini and 22.5 percent by Theil from 2000 to 2008, which we have never experienced before in two centuries, we may say that the burst of world income inequality has been over. Indeed, there is little difference between the world distribution today (Gini 0.429; Theil 0.327) and in 1905 (Gini 0.428; Theil 0.327) by the data of 129 countries. This does not mean that the distribution has become stable or that a convergence witnessed among Western countries until the 1970s is beginning to take place on a world scale. Rather, we should focus on the change of the nature of inequality: Within-region inequality accounts for only 16.8 percent in 1960, however it accounts for 31.4 percent in 2008. Here, within-East Asia inequality accounts for 78.4 percent of total within-region inequality. Comparatively, inequality in East Asia is becoming more and more important to consider the world problem of income inequality. Besides, we cannot overlook the fact that inter-regional inequality in the third world, i.e. between East Asia and Africa, and intra-regional inequality in Africa are becoming large to the extent meaningfully affective to the world total inequality. Besides, we have to take note the fact intentionally skipped in this paper that inequality within most countries is increasing, notably in highly populated countries such as China and the United States (Bosmans, Decancq, & Decoster, 2014) . It is considered that facilitated migration of companies and people over national boarder have contributed to enlarged domestic income gaps in many countries and at the same time to diminished income gaps between countries. In that sense, inequality between countries is interrelated with that of within countries.
Study Limitations and Suggestions for Future Research
There are three significant limitations on this research. The first one is about the range of inequality. We didn't take into account within-country inequality although it is well known that such inequality is becoming large in recent decades. The second limitation is about the nature of data. We used PPP based GDP only and didn't use others (e.g. nominal GDP) for calculation of inequality. If we use the latter, the result will be different. The last limitation is about the definition of inequality. We calculated 'comparative' inequality only although it is known that 'absolute' inequality has been increasing till today (Goda & García, 2016) . Future research will cover these limitations. 
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